Isolation of four major subunits from Clostridium thermocellum cellulosome and their synergism in the hydrolysis of crystalline cellulose.
The cellulosome of Clostridium thermocellum, purified by affinity chromatography, was dissociated under mild conditions and separated by SDS-PAGE. Two major p-nitrophenylcellobiosidases (PNPCases I and II) corresponding to the S5 (103 kDa) and S8 (78 kDa) subunits and one major carboxymethylcellulase (CMCase) coinciding with the S11 (60.5 kDa) subunit were isolated and characterized using carboxymethylcellulose (CMC), H3PO4-swollen cellulose and cello-oligosaccharides. Both PNPCases showed little effect on the viscosity of CMC and released twice as much total sugar as reducing sugar from H3PO4-swollen cellulose. The CMCase released ten times more total sugar than reducing sugar from H3PO4-swollen cellulose and reduced the viscosity of CMC rapidly. None of these enzymes was active on cellotriose. Both PNPCases released cellobiose from cellotetraose, and cellobiose and cellotriose from cellopentaose. In contrast, CMCase was active only on cellopentaose and released mainly glucose. Use of MeUmb(Glc)n revealed that both PNPCases cleaved preferentially either the second or fourth linkage from the non-reducing end while the CMCase was specific for the internal glycosidic bonds. Thus, the PNPCases and CMCase behaved as typical exo- and endoglucanases, respectively. When tested individually, all three enzymes degraded Avicel only to a small extent. A 1.5-2.0-fold increase in sugar release was observed when CMCase was combined with either PNPCase I, II or both. Combining S1 with either PNPCase II or CMCase resulted in fourfold synergism in the hydrolysis of Avicel. Synergism was sevenfold when all three enzymes were combined with S1.